Osteoporosis is a global public health problem currently affecting millions of people worldwide, and Saudi Arabia is not an exception. Awareness and perceptions of susceptibility and belief in the seriousness of a disease can help in its prevention and control. We aimed to assess knowledge, attitude, and practices for osteoporosis among Saudi general population and to identify its determining factors. Methods A cross-sectional survey of people aged 18 years or older representing every region in the Kingdom of Saudi Arabia was carried out. A total of 2174 self-administered questionnaires were distributed to identify the levels of knowledge, attitude, and practice. Results Responses were obtained from 1830 individuals (42% female and 58% male). The majority of the study sample had heard about osteoporosis (78%). There were significant associations between the level of awareness and the following sociodemographics of the participants: age, sex, education, occupation, income, and residence (Po0.01). Regular practice of the main preventive behaviors was correlated with an increase in the level of awareness.
Introduction
Osteoporosis is a global problem that is increasing in significance as the population of the world both grows and ages. It afflicts millions of people around the world [1] . The majority of patients are often unaware that they have fragile bones until the time of a first fracture [2, 3] . Worldwide, the lifetime risk for osteoporotic fractures in women is 30-50% [4] . According to the International Osteoporosis Foundation, this disease has affected approximately one-tenth of women aged 60, one-fifth of women aged 70, and two-fifths of women aged 80 [5] , but men are also at risk [6, 7] . In Saudi Arabia, the prevalence was 24, 62, and 74% for women in the age groups 50-59, 60-69, and 70-80 years, respectively [8] , and 21% of Saudi men older than 50 years were osteoporotic [9] .
Fragile fractures could be caused by minor trauma that would be insufficient to fracture normal bone, such as a fall from a standing height or less [10] . These fractures are common in old age. According to the National Osteoporosis Society, one in two women and one in five men over the age of 50 years will have a bone fracture [11] . Osteoporotic fractures are associated with premature mortality and they affect the quality of life [4, 7] . The estimated annual cost of management of osteoporosis-related femoral fractures in Saudi Arabia was US$12.78 million [12] . This is consistent with that reported in the USA (around $19 billion) [13] .
Awareness about this disease can help in its prevention [14] . In addition, perceptions of personal susceptibility and belief in the seriousness of a disease are important for influencing behavioral change in disease prevention programs [15] . Assessment of these parameters can be carried out through knowledge, attitude, and practice (KAP) studies [10, 16] .
KAP studies with regard to osteoporosis have been conducted in different parts of the world [17] [18] [19] [20] [21] , with results indicating different levels of awareness. Studies on population samples in the UAE, India, and the USA have revealed poor knowledge about this disease [18, 22, 23] . In Saudi Arabia, Al-Shahrani et al. [24] reported that a large number of individuals were unaware of osteoporosis risk factors, although 76% of the participants were postmenopausal.
The findings on the level of KAP with regard to osteoporosis in western countries were inconclusive [1, 13, 15, 17, 19, 20] . Variations in the levels of awareness may reflect an individual's desire to know more about the condition or their access to such information. It could also be a result of differing social and educational backgrounds of the population [25] . The current study aimed to assess the level of KAP with regard to osteoporosis and its risk factors in adult population in the Kingdom of Saudi Arabia (KSA).
Participants and methods
A cross-sectional study was carried out on randomly chosen samples from mall attendants (agedZ18 years) in each of the main regions of the KSA (Riyadh, Makkah, Eastern, Aljouf, Hail, Qassim, Aseer, Gazan, Najran, Northern, Baha, Madinah, and Tabuk).
Sample size
On the basis of an awareness rate of 87.7% [21] and 2% degree of precision, the minimum sample size was calculated to be 1087. Because of the use of multistage stratified sampling technique, 2174 individuals were recruited in this study.
Procedure

Sampling technique
In the first stage, the sample was allocated between the 13 regions of the Kingdom using the proportional allocation method according to the total estimated population in 2014 of each region. In the second stage, the sample in each region was allocated on the basis of sex using the male-to-female ratio (1.37 : 1). In each region, a big mall or supermarket in the capital city was selected where participants from each mall were randomly selected. Four regions (Arar, Baha, Madinah, and Tabuk) were not included due to lack of data.
Data collection tool
The study took place from March 2014 to July 2014. A precoded Arabic self-administered questionnaire was completed by each participant. For illiterate respondents, the questionnaire was filled in by one of the data collectors. It included five parts: sociodemographics, osteoporosis knowledge items, osteoporosis attitude scale, osteoporosis preventative practices items, and a question about the participants' source of information on osteoporosis in addition to questions about osteoporosisrelated medical history.
(1) The first part included age, sex, level of education, occupation, residence, income, and menopausal status.
(2) The second part had a question about the source of participant's knowledge on this disease. A correct answer had a score of 1 point and a score of 0 for the incorrect one. We used the score as a continuous variable for analysis. The knowledge score ranged from 0 to 28 and a high total score indicated a higher degree of knowledge. (3) The third part included true or false statements that were used to assess the knowledge of participants with regard to osteoporosis-associated risk factors. (4) The fourth part was composed of a three-point Likert scale (agree, uncertain, and disagree) to assess the attitude toward osteoporosis. A correct answer had a score of 1 point and a score of 0 for the incorrect one. We used the score as a continuous variable for analysis. Scores ranged from 1 to 30, with higher scores indicating a higher degree of agreement and favorable attitudes. (5) The fifth part was about the practices for prevention of osteoporosis; a higher score indicates more adequate practices toward preventing osteoporosis. It is composed of five closed questions, where each answer to a question enquiring about the frequency of practicing a preventive measure was assigned a score -for example, eating calcium-rich food (never = 0; once weekly = 1; 2-3 times weekly = 2; 4-6 times weekly = 3; and daily = 4). For the yes/no items, the correct answer was assigned a score of 1 point and 0 for the incorrect one.
Pilot study
The questionnaire was pretested on 20 individuals before the field work. It was also validated through consensus validation by two orthopedic specialists.
Statistical analysis
After data collection, the questionnaires were reviewed to ensure completeness. Data entry, cleaning, and analysis were carried out using SPSS 21 (IBM_SPSS IBM Inc., NY, USA). Demographic characteristics and KAP scores were summarized using descriptive summary measures (frequency distribution tables) and expressed as mean ± SD for continuous variables and as percentages for qualitative variables. The relationship between sociodemographic variables and KAP levels was tested using the w 2 -test and t-test analysis. A P-value of 0.05 or less was considered statistically significant.
Ethical consideration
Each participant was informed about the purpose of the study, its expected benefits, and malfeasance, with freedom to either participate or withdraw. No incentives or rewards were given to the participants. Participants who opted to participate were asked to fill the questionnaire. If they decided to withdraw at any time, there was no penalty or loss of benefit. The questionnaire was anonymized and confidentiality was assured. The protocol was approved by the Institutional Review Board of King Saud University.
Results
A total of 1830 participants completed the questionnaire with 84% response rate. The respondents' ages ranged between 15 and 90, with a mean age of 36.3 ± 12.5 years. About 58% were male. There was no difference in the mean age between men and women (P40.05). Furthermore, men were more educated compared with women. However, a higher percentages of women had postgraduate studies. These differences were statistically significant (Po0.001) ( Table 1 ).
The majority of men (73%) represented three regions (Makkah, Riyadh, and Eastern region). Among female participants, the majority (82%) represented five regions (Makkah, Eastern, Gazan, Riyadh, and Aseer). The distribution of men and women differs significantly according to the place of residence. The majority of men were working (73.5%), whereas the majority (62%) of women were not working. The association between sex and occupation was statistically significant (Po0.001) ( Table 1) . Table 2 illustrates the association between sociodemographic characteristics of the participants and their awareness about osteoporosis. The findings showed that the proportion of respondents who had heard about osteoporosis was higher among younger participants (68%) compared with older ones (32%), and this was statistically significant (Po0.001). The majority of respondents, both male and female, had heard about osteoporosis (75 and 81.1%, respectively). It was found that the higher the level of education, the higher the level of awareness about osteoporosis (Po0.001).
Likewise, levels of awareness were higher among working participants (62.5%), and this relationship was statistically significant (Po0.001). Moreover, participants in the middle income category (5000-10 000 Saudi Riyal) had significantly higher levels of awareness compared with those in the lower and the higher income category ( 410 000 Saudi Riyal) (Po0.001). Participants inhabiting Makkah, Eastern region, and Riyadh had significantly higher levels of awareness (Po0.001) ( Table 2 ).
The participant's levels of knowledge and attitude toward osteoporosis are depicted in Table 3 . The mean level of knowledge for the studied cohort was 14.1, and this was significantly higher among women (14.7) than among men (13.7) (Po0.001). In contrast, the mean levels of perceived susceptibility and benefits were significantly higher among men than among women (Po0.001 and P = 0.01, respectively). Nevertheless, there were no statistically significant differences in the mean levels of perceived severity (3.9 ± 1.2) and barriers (6.7 ± 1.5) between men and women. The main sources of knowledge were healthcare providers (27%), followed by family member or friend (23.7%), then through internet (21.5%) and TV (19%) ( Table 4 ). This was consistent for both men and women, except for TV as a source of knowledge, which came in the second place for only women. Table 5 demonstrates that participants who eat calciumrich food daily have the highest mean level of practice (15.1) with statistically significant results (P = 0.035). Furthermore, those who practice physical activity daily had statistically significant higher mean scores (15.1, P = 0.006). Respondents adding calcium supplement to their food had significantly higher mean scores (15.7, Po0.001). In addition, those with a family member suffering from osteoporosis had statistically significant higher mean scores (15.4, Po0.001). Similarly, those who had undergone bone density measurement had significantly higher mean scores (14.9, P = 0.049). Table 6 shows that there was no statistically significant difference in the mean level of knowledge between participants who had a history of fracture and those who did not (P = 0.223). Furthermore, the mean scores for respondents with or without osteoporosis treatment showed no significant difference (P = 0.961).
Discussion
Osteoporosis is considered to be the most common skeletal disorder affecting humans with high prevalence, worldwide. Fracture is the most serious consequence of osteoporosis that hinders the patient's quality of life [11] . Raising the levels of KAP toward osteoporosis among general population are fundamental factors that ensure success of osteoporosis prevention and control programs [14] . The current work aimed to investigate the level of awareness toward osteoporosis among Saudis.
As regards the level of knowledge, about three-quarters (78%) of the study cohort had heard about osteoporosis. This is consistent with a study carried out in Riyadh in the year 2013, in which 86% of participants had heard about osteoporosis [21] . Our findings are in line with a study of KAP among Iranian general population (73%) [20] . Likewise, 75% of El-Salvador women had enough knowledge about the disease [26] . Our finding is inconsistent with a study in Hyderabad, India, which found that 70% of respondents were unaware of the disease [4] . This could be due to the cultural difference, sampling technique, and the sample size.
In the study conducted in India, a convenient sample was selected and a smaller sample was recruited (n = 602).
It has been reported that age can affect the level of knowledge; knowledge about osteoporosis increased with increasing age [15] . Our findings showed that the younger the person, the more knowledgeable he/she is. This is consistent with a study conducted in the USA on postmenopausal women [17] . A study in Aseer, KSA (2012), found dissimilar results; the level of knowledge was very poor, especially among younger women [27] . This may be explained by the more conservative communities in Aseer region. A study on Iranian general population could not find an association between awareness level and age [20] . This could be explained by the fact that younger people have more access to the new sources of knowledge (i.e. internet and smart phones).
It is well known that loss of bone density is accelerated in the years following menopause when estrogen levels drop [7] , and it is expected that older women will have greater knowledge about the menopausal risk-related conditions and to become more aware of the implications of hormonal change, which include osteoporosis [15] . In addition, many studies have shown poor knowledge about osteoporosis among perimenopausal women in Iran, Brunei, Taiwan, Turkey, and India [3, 22, 25, 28, 29] . This may explain that reported by Liza et al. [25] , who found that there is no impact of menopausal status on the total knowledge score. Notwithstanding, it was found that early menopause has an effect on the knowledge level about this disease [26] .
Moreover, the percentage of women was higher compared with that of men in terms of the disease awareness. This may be because Saudi women are more exposed to the main sources of knowledge (i.e. health providers) and, being at greater risk, most of the awareness and health education programs focus on women. The study on Iranian general population could not find such association [20] . Studies comparing the knowledge of women with that of men reported similar findings [5, 23] .
Awareness about osteoporosis could also be affected by the level of education. Education can influence personal health responsibility, behavior, and the ability to access and interpret health information [18, 28, 30] . In the present study, the educational level of respondents was positively correlated with awareness level. This is in agreement with other studies carried out in the KSA [12, 21, 27, 31] . Similarly, results of the studies in Iran and Turkey [20, 32, 33] are consistent. As well, a study in Malaysia, 2015, found similar results [22] . Moreover, our findings are in line with studies in the USA and El-Salvador [17, 26] . It is well known that education is an important factor that affects the cognitive skills (including seeking knowledge and accessing it).
The majority of those who were aware about osteoporosis were employed, whereas the majority of those with a low level of knowledge were unemployed. The same finding was reported in a study conducted in Riyadh [21] . Our results are in agreement with the majority of studies [17] [18] [19] 24, 26, 32] . This may be attributed to the fact that education is one of the requirements for employment, and being employed facilitated the access to knowledge sources.
Furthermore, economic status poses an effect on the awareness about this disease; income was among the predictors that had affected the total knowledge score of Salvadorian women [26] . Our results reveal that individuals with middle income were more aware about the disease, followed by those with higher income, whereas lower-income ones lack the knowledge. This is supported by the results of a study in Riyadh [21] . Two different studies on Iranian general population and Greek women are in agreement with our findings [19, 20] .
Family history, history of fragility fractures and being on osteoporosis treatment were associated with increased awareness [22] . Our results are consistent with those reported by Liza et al. [25] that neither family history nor history of fragility fracture had an impact on the level of knowledge.
Furthermore, we posited that residence affects the awareness of people. The residents of Makkah, Eastern region, and Riyadh were more knowledgeable compared with other areas. A study on female residents from Aseer region in 2012 found that they had very poor knowledge about the disease [27] . This could be explained by that the Saudi Health Ministry awareness programs focused on the above-mentioned regions. The mean score for the participant's knowledge was 14.1 ± 5.1 and was higher in women than men. The mean attitude score ranged between 2.7 and 6.7 and was higher among men except for the perceived severity and barriers. Similar results were reported in a study conducted in Riyadh by Barzanji et al. [21] . The higher perception of severity and barriers among Saudi women may be attributed to the conservative nature of the Saudi society.
Healthcare providers were the main source of knowledge for Saudis, followed by family member or friend, internet, and TV, and this was consistent for both men and women. Our findings are consistent with the results of a study in Malaysian [34] . However, this is inconsistent with two studies conducted in Riyadh, where media was the main source of knowledge [21, 31] . These inconsistent findings are supported by several studies [25, 28, 32] . This sheds the light on the effort exerted by the Saudi Health Ministry in training and providing continuous medical education for primary care physicians. Moreover, it highlighted the deficiency in the usage of mass media as an important health education tool in prevention programs.
With reference to the main preventive practices, the frequency of practicing preventive behaviors (eating calcium-rich diet and performing physical activity) was positively correlated with higher mean scores. In other words, the more frequently the preventive behaviors were practiced, the higher the mean score was. Moreover, pursuing other preventive habits such as calcium supplementation and performing bone density measurement were associated with higher mean scores on the preventive behavior total score. In other words, those who used calcium supplement and perform DXA scan regularly had higher mean scores on the preventive behavior total score.
Those with a positive history of fracture or treatment had higher mean knowledge scores. This is consistent with two studies in Iran and Riyadh, KSA [28, 31] . This could be supported by the fact that disease experience motivates the patient to seek knowledge about the disease [35] . Moreover, patients are the target for health educational programs both at primary and secondary prevention levels, especially for chronic diseases [36] .
Strengths and limitations
To our knowledge, this is the first KAP study for osteoporosis in general population that recruited participants representing the entire Saudi population. The study possessed several strength points: recruitment of a representative large sampled cohort (n = 2174) and the use of a stratified sampling technique that ensured sample representation and minimized the selection bias. However, it encountered several limitations: the crosssectional design jeopardized the study findings and the number of women coming to the malls could be more than the number of men and that is why male oversampling was conducted. As regards the comprehension and linguistic issues in the questionnaire, there was a pretesting of the questionnaire through the pilot study.
Conclusion and recommendations
The findings of the current work demonstrated that the majority of the study cohort had heard about osteoporosis. Female respondents were more knowledgeable. Age was negatively correlated with the level of awareness. Levels of knowledge and the main sociodemographic determinants were significantly associated. Adopting the main preventive practices was correlated with an increase in the level of awareness. The study recommends better involvement of health authorities and physicians in patient education efforts to improve knowledge as well as maintain the quality and reliability of information provided in terms of osteoporosis, especially for the regions with lower levels of awareness. Moreover, mass media and nongovernmental organizations should undertake more effort in promotion of the preventive programs.
